Improvement of the siloxane layer on minerals by using a bisfunctional silane, such as 1, 6-bis (trichlorosilyl) hexane and 1, 8-bis (trichlorosilyl) octane, and the effects on adhesion of methacrylic resin to glass plates treated with the silanes were studied. The tensile bond strength of the resin to the glass plate treated with bisfunctional silane alone was high (about 20MPa) in spite of the fact that the molecule contains no double bonds. Futhermore, a mixture of bisfunctional silane and 3-methacryloxypropyltrichlorosilane showed an excellent effect for tensile bond strength and water-resistance.
INTRODUCTION
Silane-coupling agents have been widely used as primers to link resin and minerals such as silica and glass fiber. However, the physical and mechanical properties of the composites containing the mineral treated with the silane decrease due to hydrolytic degradation of bonds at the interface of the mineral and the coupling agent under highly humid environments1-2).
There are at least three ways to minimize this degradation: (1) One is to form a rigid "oxane" bond with the mineral by using coupling agents with active hydrolyzable groups such as alkenyl triisocyanatosilane3).
(2) Another is to mix a hydrophobic silane with the ordinary silane such as 3-methacryloxypropyltrimethoxysilane (3-MPS) 4, 5) . Mixed silane coupling agents may provide a more hydrophobic interface.
For instance, the mixture of 3-MPS and polyfluoroalkyl trialkoxysilane was more effective than 3-MPS alone, and showed good water-resisance6).
(3) The other way is to increase the degree of the crosslinking through siloxane formation by adding orthosilicates (RO)4 Si to 3-MPS.
The crosslinked siloxane layer may form an interpenetrating polymer network (IPN) with a matrix resin5). However, the use of crosslinking agents, such as orthosilicates, may cause the inorganic layer to become rigid, decreasing the diffusion of the matrix resin into the layer.
The formation of a looser and organic siloxane network is necessary to improve bond strength.
The purpose of this investigation was to improve the siloxane structure on mineral by adding bisfunctional silane such as 1, 6-bis (trichlorosilyl) hexane to 3-methacryloxypropyl trichloro-silane (3-MPST), and to study the effects of the mixed silane on adhesion of a methacrylic resin to glass plate. ## AGS-500 , Shimazu Co., Kyoto Japan adhesive resin and the metal rod or they were cohesive fractures within the resin, but not between the glass surface and the resin. The tensile bond strength of the resin to the glass plates treated with the 3-MPST containing 20% (w/w) of various bisfunctional silane compounds such as BISHEX, BISOCT, and 3-methacryloxypropyl methyldichlorosilane (3-MPSD) which are expected to increase the degree of crosslinking through siloxane formation, Fig. 3 Photographs of the glass plate surfaces fractured by a bonding test (Fig. 2) . and the photographs of the fractured surface are shown in Fig. 7 . The effect of the addition of 3-MPSD, a dichlorosilane, was lower compared with those of BISHEX and BISOCT. Furthermore, the glass plate treated with the mixed silane of 3-MPST and BISHEX (1/1 weight ratio) was tested for up to 5000 thermal cycles (Fig. 8) . The strength of the mixed silane was higher than that of 3-MPST alone. All of the specimens of the mixed silane 
CONCLUSION
To improve the siloxane layers produced by silane-coupling agents on minerals, the effect of addition of bisfunctional silane to 3-methacryloxypropyltrichlorosilane (3-MPST) was studied. The bisfunctional silanes were 1, 2-bis (trichlorosilyl) ethane, 1, 6-bis (trichlorosilyl) hexane, and 1, 8-bis (trichlorosilyl) octane. The tensile bond strength of acrylic resin to the glass plate treated with the bisfunctional silane alone was almost the same compared with that of 3-MPST. The effects of the bisfunctional silanes is obviously due to IPN between the crosslinked siloxane and the resin. Futhermore, a mixture of the bisfunctional silane and 3-MPST showed a remarkable effect on tensile bond strength ane water-resistance.
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